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ABSTRACT
The analytic bond-order potentials (BOPs) are derived by systematically coarse graining the electronic structure 
from density functional theory into effective interatomic interactions. This derivation comprises expressions for 
charge transfer and magnetism, including noncollinear magnetism, that are obtained directly from density func-
tional theory, so that the BOPs constitute a coherent simplifi ed description for modeling bond making and breaking 
in covalent and metallic materials. Similar to the structure and functional form of the BOPs, their parameterization 
may also be obtained by projection from density functional theory. In this discussion, I will outline the structure and 
derivation of the BOPs and summarize their parameterization. I will discuss applications of the BOPs in simula-
tions of refractory elements, iron and iron carbon. The relation of the BOPs to other methods such as recursion, 
the Kernel Polynomial Method, or the Fermi Operator Expansion will be briefl y reviewed and the integration of the 
BOPs into established codes for simulations with millions of atoms will be highlighted.
